Simulation models are one of the approaches used to investigate greenhouse 13 gas emissions and potential effects of global warming on terrestrial ecosystems. 14 DayCent which is the daily time-step version of the CENTURY biogeochemical 15 model, and DNDC (the DeNitrification-DeComposition model) were tested against 16 observed nitrous oxide flux data from a field experiment on cut and extensively 17 grazed pasture located at the Teagasc Oak Park Research Centre, Co. Carlow, Ireland. 18
flux with relative deviations of +132 and +258% due to overestimation of the effects 3 of SOC. DayCent, though requiring some calibration for Irish conditions, simulated 4 N 2 O fluxes more consistently than did DNDC. We used DayCent to estimate future 5 fluxes of N 2 O from this field. No significant differences were found between 6 cumulative N 2 O flux under climate change and baseline conditions. However, above-7 ground grass biomass was significantly increased from the baseline of 33 t ha -1 to 45 8 (+34%) and 50 (+48%) t dry matter ha -1 for the low and high temperature sensitivity 9 scenario respectively. The increase in above-ground grass biomass was mainly due to 10 the overall effects of high precipitation, temperature and CO 2 concentration. Our 11 results indicate that because of high N demand by the vigorously growing grass, 12 cumulative N 2 O flux is not projected to increase significantly under climate change, 13 unless more N is applied. This was observed for both the high and low temperature 14 sensitivity scenarios. 15
Introduction 16
Nitrous Oxide (N 2 O), on a kg to kg basis, has a global warming potential of 17 approximately 298-310 times that of carbon dioxide (CO 2 ) over a 100 year timescale 18 (Watson et al., 1996; IPCC, 2007) with an atmospheric lifetime of approximately 120 19 years (Prather, 1998) respectively. Grazing and cutting took place on the whole field for both the control 25 and the fertilized plots. Nitrous oxide fluxes were measured from four replicated 26 chambers on the control plots and four replicated chambers on the fertilized plots. consisted of two parts: a 52 x 52 x 15 cm 3 square collar inserted permanently into the 1 soil over which a 50 x 50 x 30 cm 3 lid with a plastic septum could be sealed in place 2 for gas sample collection. To reduce spatial variation caused by excreta patches, we 3 chose a part of the field which was deemed to be representative of the whole field, and 4 used four replicated large static chambers that covered 0.25 m 2 at a distance of 100 m After the lids were in place an initial gas sample was taken and a second was 8 taken at 60 minutes. Linearity was checked by sampling each half an hour for a 9 closure period of 3 hours. In order to cover most of the year we sampled every week, 10 and more intensively (twice a week) following fertilizer application. Previous studies 11 where N is the number of data series. Annual cumulative flux for models outputs were 23 calculated as the sum of simulated daily fluxes (Cai et al., 2003) . Soil properties and 24 climate input data of both models are summarized in Table 1 . 25 26
Climate scenarios 27
The future climate data used in this research were statistically downscaled by 
Model validations and results under baseline scenario 24
Temporal patterns of N 2 O for the observed and DayCent modelled fluxes from 25 the fertilized plots were generally similar for most of the measured period. However, 26
DayCent overestimated the influence of added N fertilizer by producing two types of 27 N 2 O peaks; a smaller one at the time of N application and a higher one later in 28
August, 2004 ( Figure 1 ). This second higher peak was not observed for the control 29 plots. Here, as both the fertilized and control plots were subjected to the same climate 30 and extensively grazed, it was clear that N availability in the soil was the only 31 difference between the two, suggesting that this later peak was due to residual effects 32 of applied N fertilizer. The model suggests that applied fertilizer N is retained in the 33 The second simulated peak resulted in a higher cumulative N 2 O flux of 3.6 kg 18 ha -1 compared with the measured flux of 2.6 kg ha -1 , which corresponds to a relative 19 deviation of +38% from the measured flux ( Table 2 ). The regression between 20 observed and modelled fluxes (y = 0.41x + 0.57) accounted for 32% of the variation 21 in the data (RMSE = 2) ( Figure 4 ). However, by excluding this peak, the model gave 22
approximately similar cumulative N 2 O flux to that observed, with a deviation of only 23 +1%. This is not the case for the control plots where, although this second peak was 24 not observed, the model performed poorly compared to observed data with a relative 25 deviation of (-57%) RMSE = 0.5 ( Table 2 and The relationship between the weekly simulated above-ground grass biomass and the 1 weekly field observed biomass is illustrated in Figure 5 . Here, the regression (y = 2 0.47x + 0.5) accounted for 38% of the variation in the data (RMSE = 0.15). as the field measured flux for most of the measured period. However, DNDC 10 predicted a significantly higher peak, from both the fertilized and control plots in 11
February. This higher peak resulted in an annual cumulative N 2 O flux of 6.04 and predicted a significant increase for this peak. The reason was the higher temperature 16 and rainfall, expected due to climate change during fertilizer application, compared 17
with the baseline. The average height for the second peak at baseline was decreased 18 because time for this peak was different from one year to another. However, under 19 climate change, the second peak disappeared, mainly due to the decrease in available 20 N later in the season. No statistically significant difference (p>0.05) between the 21 annual cumulative fluxes for the three scenarios was found. Under climate change, the 22 high temperature sensitivity scenario produced slightly higher cumulative nitrous 23 oxide fluxes (4.4 kg ha -1 ) whilst the low temperature sensitivity scenario produced 24 slightly lower cumulative nitrous oxide fluxes (4.1 kg ha -1 ) compared with the 25 baseline fluxes (4.2 kg ha -1 ). This is different from the significant increases in N 2 O 26 flux predicted for a nearby cropland field, using DNDC, where climate change was 27 projected to increase the flux by 55-88% depending on the N fertilizer application For both future scenarios, predicted biomass production was significantly 32 higher (p<0.05) than in the baseline (Figure 8 ). This increase was due to the overall M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT effect of increasing rainfall, temperature and CO 2 concentration. Under baseline 1 conditions, annual above-ground grass biomass (dry matter) was about 33 t ha -1 whilst 2 under climate change this value was increased to 45 (+34%) and 50 (+48%) t ha -1 for 3 the low and high temperature sensitivity scenario. An increase in grass dry matter 4 production in Ireland due to climate change was also predicted by Fitzgerald et al. 19 mg kg -1 for the high and low temperature sensitivity scenarios, respectively ( Table  12 3). Therefore, future N 2 O flux from this field will not be significantly affected by 13 climate change, unless more N fertilizer is applied. is negligible, suggesting that future climate change will favour Irish low N input 23 grasslands, with more biomass but no significant change in N 2 O flux. 24
25
DayCent model was run assuming that the current field management will 26 remain the same in the future. However, the predicted future higher above ground 27 biomass production by DayCent would encourage farmers to increase grazing 28 intensity. This would increase emissions of methane (CH 4 ) and excretal N deposition 29 from grazing animals. Alternatively, farmers could apply less N fertilizer to the 30 pasture to achieve the current amount of above ground biomass production without 31 making significant change on N 2 O or CH 4 fluxes. 32 control plots was not good with a relative deviation of (-57%) (RMSE = 0.5). Under 10 climate change, grass biomass was projected to increase from the baseline value of 33 11 t ha -1 to 45 (+34%) and 50 (+48%) t ha -1 for the low and high temperature sensitivity 12 scenarios, respectively. Our results suggest, that due to significant grass growth and 13 higher N demand by the grass, climate change is not expected to significantly affect 14 We are also grateful to John Clifton-Brown for providing us with the grass biomass 
244-255 22
Flechard, C., Ambus, P., Skiba, U., Rees, R.M., Hensen, A., Van den Pol A., 23
Soussana, J.F., Jones, M., Clifton-Brwon, J., Raschi, A., Horvath, L., Van 24 Amstel, A., Neftel, A., Jocher, M., Ammann, C., Fuhrer, J., Calanca, P., 25
Thalman, E., Pilegaard, K., Di Marco, C., Campbell, C., Nemitz, E., 26
Hargreaves, K.J., Levy, P., Ball, B., Jones, S., Van de Bulk, W.C.M., Groot, 27
T., Blom, M., Gunnink, H., Kasper, G., Allard, V., Cellier, P., Laville, P., are ± standard error). 
